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(57) [Abstract] 

[T eohnbal problem] With a three-sheet configuration, small llghtweight-ization Is attainedfeand 
aberration is amended good, and ffcheta property and tele cent rucksack nature obtain goad 
ftheta lens. 

[Means for Solution] The 1st lens 1 of the negative meniscus lens which turned the concave 
eurfaoe to the body side in order toward the image surface 4 side from the body aide, It 
considers as the three three groups configuration which consist* of the 2nd lens 2 of the 
forward meniscus lens which turned the cpncaye surface to the body side, and the 3rd lei** 3 of 
the forward meniscus lens which turned the convex to the body side. The property good about 
the main properties of the whole ftheta lens was acquired from the correlation of the focal 
distance of each lens and the whoie. and a deflection side using the Ingredient of a high hfeh 
refractive index by regulating the distance to the 1st lens, and tile correlation of the radius of 
curvature of the plane of incidence of the 1st lens. 
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CLAIMS • '■ 

[ClaimCs)] ■ ' ■ • ' . 

[Claim 1] It is ftheta lens of the three three groups configuration characterised by providing the 
following, Tf»e refractive index off! and the 1st, 2nd, and 3rd lens for the focal distance of f and 
the 1 at lens N1, [ the focal distance of the whole eystem ] It is the radius of curvature offthe 
plane of moldenoe of d2 and the 1st lens about air spacing of dO. the let lens, and the 2nd lens 
In the distance from the deflection side erf N2. N3, and deflection equipment to the 1st lem r1 It 
cames out (1) -Q.9<f1/f<d2 / -0.4(2) f<0.06<3) N1. N2, and N3>2(4)-1 P 2 - < - rl / dO 7Z < - 
0.8 — ftheta lens characterized by satisfying conditions The 1st lens of the negative meniscus 
lens which turned the concave surface to the body side In order toward the Image surface side 
from the body side The 2nd (ens of the forward meniscus lens Which turned the oonoeve surface 
to the body side The 3rd lene of the forward menisous lens which turned the convex to the body 
side 
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DETAILED DESCRIPTION ' 



[Detailed Description of the Invention] 
[0001] 

DHeid of tho Jhverttion] this Invention — a three-sheet configuration — and a tele cent — It is 
ftheta lens of the diameter of rnacrostomla which has a rucksack property, and the wavelength 
of the light Souroc used especially is related with ftheta lens applicable suitable for a iight^ 
soannlng eystem with long 10 micrometers or more and wavelength. 
[0002] 

[Description of the Prior Artj It is constituted so that image formation of the flux of light which 
the Hght^eoanning equipment In a laser beam printer, faoslmile and test equipment, laaor-beam- 
machining equipment, etc. deflected the flux of light from the light eouroe with defleotlon 
equipments, such as a rotating polygon, and deflected it may be carried out as a spot on ansoan 
ayer according to eh Image-formation lehs system, and while making the image surface cawv out 
image formation of the flux of light defleoted in constant angular velooity by defleotion equipment 
as a spot, in order to enable a unifonrrr-velocrty-scan, the ftheta lens of the diameter of 
maorostomis is used. 
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[0003] IP the fopaTdlstanoe of ftheta lens is set to fat this time, the relation whioh is called 
fthetj property whfohehowe uniform yeloolty nature between the eoan-layer top Image quantity 
^n^ the c^. a, f8 by tf ^^ 

[0004] By the wavvthe wavelength of the light source currently used for eaph ebove^fneittioned 
1 ^l! r , eq , U ' Pment V* Sh9rt 68 1 ^Promoter or less, and common glpss is used. However 
most ftheta lenses witi, whiph the wavelength of the light source was applied to the ST 
scanning system with long 10 miorometers or more and wavelength are in the situation wMoh is 

[0005] Moreover the problem said that inspection of the part Which problems — ftheta property, 
■JL,T^i 7 and ^"wWly laser carry out Incidence aslant in laser test equipment, 
laser beam machining equipment, etc.. end become the shadow of the excrescence wiUoewme 
deficient, or processing with depth will Incline when hot e tele cent rucksack oS th Tscerl-Jsyer 
defocused produce common ftheta lens. * p ay r 

^1^*? lndt ?*** by JP.62-2S4112A JP.2-03511 .A, etc. for example, they are 

f^Sa^ 'T, 8lX f8n8 ^ " nd P">^rty is made to bTioquSd C an 

ftheta lens whioh has tele cent ruoksaok nature. 

[0007] 

JSS^ ^.^i 0 ^^ bv Invention] However. i n becoming an at least six-sheet 

f S??° n £? ab «V*-m«"«oned ftheta lens, since the whole became it is long andiiarge 

even If tele cent rucksack nature Is obtained and it Is easy to amend various kinds of aWetion 

fgKg^ 

ES^n?!] 1 ? 6th ^ r J 1and J ' 1 'J 8 * 8 * Wn * of th«"ee-8heet configuration extent, various aberwrtion 
°™ tended, and what fuHy satisfies tele cent rucksack nature and ftheta natures not 

S°4»*«S5 rt** ^?^"**™* convention*! * is • three-sheet oonfigurateon. 

r^tf n8t ^l? f° 0d ' *"* am8nda *o* *M ^Is invention alms at 

offering ftheta lens wrth good ftheta property. 

[0010] 

[Means for Solving the Problem] Varloua ftheta lenses of this invention are set on ftheta kens of 
% S£r B £!T gr<?UP * f °^f u !? l . on « 1,8 bf repeating examination, even If the wavelength 

?** B ,, £ t 8 °^ roe ,8 J onR "S^t is penetrated good — making — high — using a refractlvevindex 
ingredient To each lens, and the con-elation of the Whole focal distance and a pan. the 
distance from a deflection side to the 1st lens and the correlation of the radius of curvature of 
the plane of meidenoe of the let lens It is attained when it became clear that the main 
properties of the whole ftheta (ens, for example, spherical aberration, astigmatism, ftheta 
Property, and tele oent ruoksaok nature were Influenced greatly. 

[001 1] Namely, the 1st lens of the negative meniscus lens which turned the concave surface to 
the body side in order toward the image surface side from the body side. It considers as tiro 
ST 6 ! r^* 5?u UPS 00 ^*w«tlen whioh consists of the 2nd lens of the forward meniscus laps 
which turned theoonoave surface to the body side, and the 3rd lens of the forward meniscus 
lens which turned the convex to the body side, the refractive index of f1 and the 1st, 2nd! and 

%Z!ZZS Ft fJ* 6 ^**? 0 * pf f ahd 018 1st,enfi N1 ' Cifc ne focal distance of the whole 
system ]ft Is the radius of curvature of the plane of Incidence of d2 and the 1st lens apous air 
spacing of dO, the 1 st lens, and the 2nd lens in the distance from the deflection side of N3. 
and deflection. equipment to the 1st lens rl It carries out (1) -0.9<f1/f<d2 / -0.4(2) f<Q.60f3) Nl. 
f2u« rf N3>2(4>-1.2 ~ < ~ fl / dQ — < -0.8 -- conditions are satisfied. 

[0012] The above-mentroned conditions (1) - (4) works effective in suppressing main properties. 
raHt a VX t abenfatifin ^ ^stleniatism. ftheta property, and tale cent rucksack nature, in the 
range of desired if the upper Imit of the conditions of (1) Is exceeded, the astigmatism of *he 
Lord and the direction of vertical scanning, ftheta property, and tele cent rucksack nature will 
^r«iSS! nC if erratl0n 3 B . n undft rshirt exa^geratediy. Moreover, if a minimum is exceeded, 
ftheta property and tele cent rucksack nature will become [ spherical aberration ] exaggerated at 
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an undershirt |ffc become? beyond the condition of (2). the astigmatism of the Lord and *he 
diction of vertical scanning and tele cent rucksack nature will become exaggerated, and many 
aberration will get worse. Ung wave length stops penetrating that it is below the condition of (3). 
and it etopeaohievirig the function as a lene.Tf the upper limit of the ooriditione of (4) is 
exceeded, the astigmatism of the Lord and the direction of vertical scanning, ftheta property 
and tele cent rucksack nature will become [ spherical aberration ] an undershirt exaggeratedly. 
Moreover, if a minimum Is exceeded, ftheta property and tele cent ruoksaok nature wi« become 
C spherical aberration ] exaggerated at an undershirt 

[0013] Therefore, even if the wavelength of the light source is long by satisfying the conditions 
of above-mentioned (1) - (4). it is a three-sheet configuration, and tele cent rucksack nature is 
fwu IhJ ^ 8 Q ^ errat> ° n K °° d ' aftd fth6ta len8 wlth feQQd Property °an be offsnad. 

[Embodiment of the Invention] Hereafter, 1 operation gestait of ftheta tens Of the diameter of 
ESSffS w , *!* ,nv i ont,on 18 W'a'ned. referring to drawing 1 - drawing 3 . 
LOOl oj W drawing 1 , ftheta lens of this operation gestait consists of lens groups of the three 
three groups configuration which consists of the 3rd lens 3 of the 1st lens 1 of the negative 
menfeous lens which turned the concave surface to the body side in order, the 2nd lens *of the 
forward meniscus lens which turned the concave surface to the body side, and the forward 
meniscus lens that turned the convex to the body side toward an image surface side from the 
body side. 4 is the image surface as for whioh the flux of light whioh penetrated this ftheta lens 
system carries out image formation. Moreover. In order to enable a field scan, two deflection 
ti^ebrd^d? 16 deflection equipment 5 and the 2nd deflection equipment 6, are arranged in 

®¥£Jt* t? 1 ®** i ens euph a ba8lp oon fl*u ration f The focal distance of the whole system fl 
and F ti,e focal distance of the i-th lens from a body side The f number of a lens sysUm^The j- 
th lens side radius of curvature from a deflection angle and body side 2omega ri (i=1-0) An 

SEftlTJlL'i °m bM t i ^"f a J nCe fSft* 1 * 2hli ^flection equipment 0 (deflation 

side) to the Istjens 1 ] the refractive index of di (1=1-6) and the j-th lens as nj 0=1-3} for dO 
andthei-thandtheH-lstspacings. ■ 

[0017] (Exampte/I) The 1st example is shown in a table 1 and many aberration of the lenssin this 
let example Is shown In drawing 2 . 
[00T8] 
[A table 1] 
f ■1.0V F*l:5.7s ito -48' 





d.-O. 6T29 




Tt- -6. 574 9 


d, «0. 0883 


ni-2,402a 


r«« -1. 6666 


d«-0.0447 




r»- -1. 2245 


dt-0.1486 


n«-2. 4020 


r 4 * -o. e$ e 9 


dr*0. Q049 




r,= 1. TUB 


dt»0. 1456 | 


ni»2.4020 


r»" 84. 0720 


d*=J. 220) 





muJu] Pj aWlnR 2 . ShPWS ft? fthetajens of this example has amendad aberration oonrf 

[0020] (Example 2) The 2nd example is shown In a table 2 and many aberration of the len«ln this 

2nd example is shown in drawing 3. 

[0021] 

(A table 2] 
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t -J. <U F u 2<u mil' 



f i/f — 0. 599, d i/f-0. Q45> r i/d ,— 1.0$ 

, • 





4.-0. 8 8 49 


. 


r.« -0, 574 9 


d i « 9.09 9} 


n.*2.4028 


r,» -1. 7478 


d»#Q.0447 




r*« -1.2246 


d,«0. 1498 


ni*2. 4026 


>4? -0. 999 8 


d« -0.0049 




r.« 1.7198 


4.-0. 1468 


n.-2,40il 


r»» . « 


d.-l. 108 7 





[0022] Qravyjnff 3 shows that ftheta lens of this example has amended aberration good. 

[0023] In addition, in drawing 2 and drawing 3 . (a) shows change of the spherical aberration (unit 

mm) by the f number, (b) shows change of the astigmatism (unit mm) in the sagittal image* 

surface (S) and the meridional imago surface (M) by the deflection angle, and (c) shows change 

of the distortion aberration (unit %) by the deflection angle. 

[0024] 

[Effect of the Invention] According to the diameter of maorostomia ftheta lens of this invention 
low dost pan constitute from a small light weight by being a three-sheet configuration, anc everi 
if the wavelength of the light source is long, tele cent rucksack nature can bo good, and can 
amend aberration good, and ftheta lens with good ftheta property can be realized so that clearly 
from the above explanation. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

tDrawlng 1 ] ft is the block diagram of 1 operation geetalt of ftheta lens of this invention. 
lPfawlng2jft is df awing showing the various aberration of the 1st example of this operation 

KO start. 

[ Drawing 31 It is drawing showing the various eberratipn of the 2nd example of this operation 

[Description of Notations] 

1 1st Lens 

2 2nd Lens 

3 3rd Lens 

4 Image Surface 
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DRAWINGS 



tbrawing 11 





EPrawtn* 21 




-wfo+Mti t worth, 

Omm) 




<M» ***** 




[Drawing 31 
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(57) 

MfcDflffi^^^s^-^^xi/^xcomi uyx 

It, S^fcBPM^ftttfeiE^-X^^^yXo® 
yX*)S3U^X3fca*&Jfi4 3#3tt«l£i:U 
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WfclHlffi*toWl£0*-;*;&XUyXtf>ffi 1 1/yX 

uyxt. mfomizmzfontziEnt-xtixvyx 

i » UK SS2. aiS^yX^JBfff^Ni , N 2 „ N 

d 0 . mi\s>xtm2is>x<7)mfflm*d 2 , mi 
i/ yxcomm?) &m*m r , k t t . 

( 1 ) -0. 9<f i /f <-0. 4 

(2) d 2 /f <0. 06 

(3) N, , N 2 , N 3 >2 

(4) -1 . 2<r t /d 0 <-0. 8 

[0001] 

nryhu >y ?&=fti4£qrr 4*nf£co f <9 uyxtra 
jiv^ieeiBRfctfiiKaffl'C* 4 f <? u yxtzmtz t 

OT"&4. 
[00 02] 

foitzmzm&]syxmzz*>x%gm±.t,zxx>y h 

vwnmmizmfaztitzitmimizxtfv \>t ix 
i&mm k k *> t^aisw^^E*?rffifc:-rsfc«>fc 

[ 0 0 0 3 ] <I<0k # . f 0 U^XflMifoSiEBIS: f k-T 

4k. ^w^mmYtMftmmzx'oxMxvmfaz 

Y=f • d 

[ 0 0 0 4 3 k £ 3T\ JJE^IKBH^HIfcttfflS^T 
^4#*att*li 1 /xmOTkS< , -IBifMfJXim 
mZtiX^h* L*»U ytMrtS&tfl 0/xmKLhk* 
*ofiv^£^E5RK3WB5#ut f tfl^yXttT&tffrivR 
&-t"£>4. 

[0005] 4fc, HKW&f euyxteri'-tyhv 

7?W< , 7t3fEffi#T7 *-#*-f 4 k . f <9#14 

[0 0 0 6] f-nr^MJ v?tt£*-f4f evyxt 

LTIi, CTx($"#P^BS6 2 - 2 5 4 1 1 ^ 



¥2-9 3 5 1 l-^HWtcBBSSilTV^^ -t/x4> 
[0 007] 

[^Bj^j»^L«t a k-rsms] L*»L$r#&. ±Ef 

evyX<r>^\zWkbWm.hts:h<ryx-\t. TU*y 
W^Tt, £fle#£<T*&<£4tf>T\ /J>Sfc, 
fo-?tz. 

[ 0 0 0 8 ] 3*lt«jSSSOi^T. #«Kil* 

+4Hi*§IET£ , fUr y h U -y f <9 tt£-HHc 

[0009] *WNt. ±fB«*^IBHH^fc:«*. 3ft 

,Ik£gWkLT^4. 
[00 10] 

[|III£js?^4 to6<W5] f e vyx\t. 
m« 8lft£ Sfafc*£S s 3 p 3 fefiJ&o f <9 u y xtis 

*JBWf*Sf*m*fflV»4£fc, #WyXk£tt<0iU£8E 

m^fflswf^. § uzmfomfrbmuyxtxwm. 
tm i xnMmnmpmnwsmtf. tev 
yxitfiwiE&&&&.. mnmmnm. #£Mm. t 

dim. f^yh'j v?'&Z±%<tt?Z>z\tW\ 
WltzZblzX-y XM&ZtLfc i «ts 4 . 
[0011] ?%b-h. wmfrbmatzfotr-yXM 

iz. MMumtmtkAnt-xtAisyxvxi 

V yxt . MmiizwmiffltfcjEnx -xtixv yx 
<rM2vyXt, WM\z£mkW 3 ftz5.<r>*-Xijx 
u^x<?DSS3uyXk*»^jS4 3Sf3tSsf8j«kL» 
VMfiMMZ f , » 1 U^XojU^aEKS- f ! . m u 
m3^yXcOS^^N! , N 2 , N 3 . ffjfri^ 

wcnmtmfrhmivyx&x'nwMZdi) .f&wy 
xtm2uyx<Dg.%mm*d 2 . miuyxcoxm 
nm&mkri tix. 

( 1 ) -0. 9<fj /f <-0. 4 

(2) d 2 /f <0. 06 

(3) Nj . N 2 . N 3 >2 

(4) -1 . 2<r, /d 0 <-0. 8 
3:4*tt£»&S-£fcitf>?&4. 

[0012] ±ffi^ff ( 1 ) ~ ( 4 ) te, ^ffiiR^, ^ 

Wftt*)5fa<0«Hfc:»i4^fc:^rS&fc<l<. ( 1 ) 

y^-fcfr*. 4fc, TRSSrSli.4k«®JRII^ryy 
4 . ( 2 ) <?)1kWmzts:h k . ± ■ BJjaE^riSi^jS 



(3) 
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JUtt h . ( 3 ) (D^ftWTT-$> 4 , * V ^ft^iSJi 
(4) «*fNO±IR*JBi*fc. ^SJRH^-a- 
'J7^tt* { ry/-(^S, TRESIS i:J$ffi 

[0013] Lfctf^T, ±IB ( 1 ) ~ (4 ) <7tfktt£ 

ft#fc*E L . f ^^ttOBJff* f <9 U ^X^Uffi-C^ 
6. 

[00 14] 

[0015101 fctJWt , ^Qt»JB<0 f^VVX 

ton® * i*ift/SiE^ * i" yXc7)H 2 lx y x 2 

f =1. 0. F =1 : 5. 7% 2w =42' 

f x/ 1 =-0. 6K d ,/ f -= 0. 045> 



tix^h. 4\tz<7)f dvvx3k*m&Ltzymtm& 

4 t:#>n i ii^s 5 t m 2 mfamw. 6<n2r><vwm 
mwmtix^z. 

[ooi6] m£o%&mtfteft'>t:f euyxiz 

r A ( i = l~6) , ff2flM3SiE6 (ffftff) *»4>» 
^ffi^HSrdi ( i = l~6) . mj%B<Vl/yXcr>m 

n d ( j = i - 3 ) lt , &Tfc:£iiw** 

[0017] (mmmi) mizmimmm^i.m 
2izzcDminmMi,zm&]syxcr>mw.mz^i-. 

[00 18] 



r ,/d , — 1. 0 





d.=0. 5729 




ri« -0. 5749 


dj =0. 0393 


n i =2. 40 28 


r 2 = -1. 6 5 6 6 


d, =0. 0447 




r s « -1. 2245 


d, -0. 1486 


n 8 =2. 4028 


r< = -0. 6 3 6 5 


d, =0. 0049 




r,= 1.7196 


d.=0. 1456 


n,=2. 4028 


r.= 34. 972 5 


d.=l. 2209 





[oo i 9] H2 ipb*9ffi,mo tev yx\tm&% 3 izznm 2 \ 
mzWjELX^&ZbiMth^h. [002 1 ] 

[0020] {m.tm\2) «2t»2H*wi^u. m im] 



z&Wh\syX<rMW£Z^-f. 



(4) 
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f =1. CK F =1:5. K 2<o = 44" 

fi/f— 0. 599* d 8 /f= 0. 045* r ,/d 0 — 1.08 





d.=0. 5340 




r,= -0. 5749 


di =0. 0392 


n,=2. 4028 


r 3 = -1. 7478 


d,=0. 0447 




r s = -1. 2245 


d.=0. 1486 


n a =2. 4028 


r« ■ -0.636 3 


d, =0. 0049 




r„= 1.7198 


d, =0. 1456 


n, = 2. 4028 


r„ = °° 


d. =1. 2087 





[0022103 *^*HM^JO f 0 V yXtiJRH^m 
iff fcffiiE LT V \t Z t tWfr h . 
[0023] 02. 03fc*Slvc v (a)JiF^ 

( b ) JAflWWSfci&^^/HWB ( S ) 'J 5*** 
(M) tc£ft£?bfflRlt (3MSmm) oym&^ 
U ( c ) fcmr»tfiteJ:*£iHiJK3l oggfc* 

[0024] 

&<xi>. tv*v h y 7 x\ afcjRu&ji 

[Hi] 

5 



1 - »1 u>x 

2- BJ2I/V3C 

4 - -Sffi 



[Hi] f 0 1, yxHiai»ra^ 

[02] RggfflgffioSB 1 ^)HitM<o#«iRIIS^t0 

[03] mmitimam 2 wmtMo^aiRii^^tH 

1 miuyx 

2 W,2WX 

3 H3i^yx 

4 as 




